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J?4PLEMENTING ADVANCEDDATA ANALYSIS TECHNIQUES
IN NEAR-REAL-TIME MATERIALS ACCOUNTING*

Jack T, Markin, Alice L. Baker, and James P. Shipley
Los Alamos Scientific Laboratory

P.O. BOX 1663
Los Alamos, New Mexico 8“1545

ABSTRACT

Materials accounting for special nuclear material
in fuel cycle facilities is implemented more ef-
ficiently by applying decision analysis methods, based
on estimation and detection theory, to analyze process
data for missing material. These methcds are incor-
porated in the computer program DECANAL, which cal-
culates t3ufficierlt statistics containing all
accounting Information, acts decision thresholds, and
compares these statistics to the thresholds in testing
the hypothesis Ho of no missing material qgainst the
alternative H] that material is miasinh DECANAL
outrmt provides alarm charts indicating the likelihood
of missing material and plots of statistics that esti-
mate materials 10ss. This program is a useful tool
for aggregating and testing materials accounting data
for timely detection of missing material.

1. INTRODUCTION

A. Purpose of Program
In developing conc~ptual designs for advanced materials accountifig Rys-

tems in nuclear fuel cycle facilities, the Safeguard Systemn Groun at the
Los Alamos Scientific Laborutnry has evolved n near-real-time materials ac-
counting approach that combines on-line acquisition of process meanuroment
data with ndvanced statistical methods in detecting existence of missing mo-
teria? and estimating the amount, A computer program (DECANAL) hn~ ho~’n
developed to implsment these ndvanced atati~tic~l methods for ncccmnting,
DECANAL ncc~ptn measurement data, calcul~tcs materials balanc~s and othor
indicators of missing material, and applirn statinticnl tent~ to the~r indic-
ators using n ncqucntial etntinticnl procedure that in adnptcd to the Rv-
quential nnture. of menaurement dflt(l, Advantngrn inhorcnt in ~uch comput-
erized dntn annly~in are the procrnming of lnrgr nrnountn of dntn withn~it
error, rapid cvnluntinn and reporting of stntinticnl teRtn for timrly
det~rtion of mi~sing
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selectively for analysis and spatially localized detection of missing mate-
rial. The program DECANAL haa been validated with data from numerous simula-
tions of fuel cycle facilities. Most recently, it has been installed at the
Allied-General Nuclear Services plant (AGNS), Whpre it has been used to eval-

uate in near-real time actual process data from cold runs.

Buring the development of DECANAL the philosophy has been to create a
program that is general in its applicability to materials accounting prob-
lems , that ie straightforward for the usel to implement, and that has its
output presented in a concise, easy-to-understand format. The program input
format allows for my number of inventory and transfzr measurements and cor-
rectly treats all correlations between measurements in calculating the mate-
rials balance and its variance, while requiring essentially the Lame kind of
input data as for etandard materials accounting practices. A preprocessing
program (MASSAGE) removes any computational burden from the user by usirg the
ran? measurement data and information about the measurement variances to write
a~ input dat~ file for DECANAL. Output from DECANAI, consists of indicators
that allow Lhe user to assess the likelihood of missing material and to esti-
m.~t,e the amount of missing materi~l

R. Outline of Pa et-—. -
$Sectirn II o. ‘this parer briefly deacribe~ ttie theory underlying the

DLCANAL program, The structu~e of th~ preprocessing program MASSAGE and the
program DECANAL are discunaed in section 111, Section IV presents some of
the practical problems encountered in implementing the decision analysis pro-
grama at the ACNS Facility, the solutions to these problems, and examples of
uhe kinds of results to be expected when the programs become flJlly opera-
tional .

11. DECANAL METHODOLOGY

The estimation and d~tecrion mrt.hods embodied in DECANAL have been se-
lectd especially for their applicability to mnterials accounting problems.
Because of the sequential nature of materials accountin~ data and the desir-
ability of making n timely decision about missing material as the data hccomc
available, aeq(~ential estimation and detection proc(durrn hnv~ b~~n cmphn-
niz(’d in DECANAI. devcl~’pmcnt. AIRo, bccau~c meaaurcmant dnta from n nucle~lr
facility can show sizable run-to-run variability, methods that require com-
pari:.,m of current mecsuremcnt~ to a reference or “normal” ncl of mPnsuro-
mentN for detection of procens nnomnlies hnvt= bern avoided. A detnilcrl
account of the theory undprlyin}’, thr progrnm may be found in r~i’rrencen 1-5,



balance period in addition to information about
the totality of this information for the kth
The sequential test procedure in DECANAL requires
densit~es of the information sequence Z(l), Z(2),

17 .SC densities are represented ashypotheses.

Ho: pz

Hl: pz

where

havior

‘z]H,

measurement errors. Denote
accounting period by Z(k).
the conditional probability
. . . , Z(N) under each of the

HO(Z] , ,..) ZNIHO)

(1)
Hl(zl, . ..1 ZNIH1) ,

the conditional density pzlH reflects the assumed measurement be-
n

under normal operating cor?ditiona, and the conditional density

reflects the behavior under some loss scenario, which requires as-

sump~iona about potential loss scenarios.

The lest is applied in the form of a sequential probability ratio test
(SPRT) that uses the decision rule6

‘zIH1(Z]’ o,., zNbj)

I

‘S T, accept H]

If L(Z) = pz H
I O(zl’ .= .: ‘r. accept HO

(2)

and for TO - L(Z) H T1 defer a deciFion, observe the measurement data
from the next-accoun~ing period, and app’y the decision rule in Eq. (2), The
ratio L(Z) is called a likelihood ratio. Tile decision thresholds To an[l
T1 are chosen so that th[q probabilities P;: of selecting H1 wllcn Ho in
true (false alarm) and PM of selecting Ho whrn 11] ih true (mis~) do not
exceed specifiud values. The SPRT has the aclvnntagc of reaching n cl~ciRion
with an cxpectecl number of observations that is lc~s than tt,nt for n fixod-
Ienflth test having the aamc PM and PF,

In nome instances the statement of the hypotheses ~liows un t,, rmdrcsc
the data sequence Z(l), Z(2) 1~~~~ Z(N) to a singlr numh~r S(N), cnllcd n n:lf-
ficient ntati~tic, that contnins all of thp informnt inn in the ori~innl ~r-
q~lonco, DECANAL employs ncvcrnl sufficient stntisticn, etch based M n
different Rcrnnrio for matoria]n loan, and onch nufficicnt ~tnt.intic i~ ! Ilc
banin of n tent for mat~rials loss, Sf!VCrII~ Of th(?htl t~nt~ are UnPd to in-
aur~ thnt all rea~onahlc nc.~nario~l for mnt,crial~ 10I7R nr~ c,jnHidor\’d,

111. DECANAL STRUCTURE



measurements are correlated, Such correlations could arise, for example,

from measurements made with the frame unrecalibrated instrument. This infor-

❑ation is required because to calculate the variances of statistics such as
the CUSUM correctly all correlations between measurements must be known.

The MASSAGE program combines the basic measurements into composite in-
ventory and transfer measurements, as in the case of a tank where the program
calculates the inventory as the product of a conceiltreti.on and a volume meas-
urement, and also calculates the random and systematic error variances of the
product. Similarly, covariances between all inventory and transfer meas-
urements are found. These inventory and transfer measurements, and their
variances and covarianccs, constitute the input file for DECANAL.

B, DECANA.L Program
DECANAL has three major functional components: the mnin program DECMN,

the subroutine J)ECEST that contains the SPRTS in various forms, and the sub-
routine DECMSC that prints the results of the SPRTC. The main program reads
the input data, prepared by MASSAGE, which includes inventory and transfer

measurements , the variances of these measurements, and the covariances be-

tween measurements made At the same time and between measurements made se-
quentially in time. These data are used to calculate a materials balance and

its variance for each time period. All of the measurement d:ita and the matt!-

rials balances are passed to DECEST for use in the SPRTS.

Becnuse processing the large amounts of data from a process line csn

become prohibitive in computer storage nnd computation time when long se-

quences of measurement data are accumulated and manipulated, sufficient sta-

tistics that compress the origin~l data sequence to a single number are use-
ful. Som~ of ~he sufficient stati~tics used in DECANAL and the mate; inls
loss scenarioa they represent are:

● CUSUM.Applicable to any mnterinls loss scenario, this statistic

is the cumul~tive sum of materials hnlances. The CUSUM statistic

estimates tot~l mnterials 10ss.

● Uniform Diversion. This st~tifrtir nssurnes

loss in each balnnce period nnd estimates
loss per balance period wi~ll n Kalmnn filter.

● Smoothed Materials Balance. This statist
materinl in some sut)A1’t of corltiguous .nnl

statistic is calculated using forward 911cI backward Knlman filter~.

The rcquir~d acc~lmulntion of d,lta ciclnys a decision shout miusi[lg

material ,

● Scqu~nFir+l Variance. Mnterinls 10!48 is nssumed to he n r~lrllom
variable. Two Knlmnn filterr+ arc used to detect missin}~ mntcrinl
through a change in the mntrrials balance varianc~.

llocauge the cxnct form of n potential mnrpria]~ lorIs is uncertain, DKCKST
Un(?a all of these sufficient statistics in n batt~ry of SPRTS for mi~~in~

mnterial.



In DECEST each test is stored as a separate subroutine. The program
user selects those tests to be used, and DECEST calls the test subroutines in
their specified order. Becauae it is uncertain when a particular materials
loss may begin and end, each test is applied to all contiguous subsequences
of the total measurement data sequei~ce. For each such Subsequence the pro-
gram appliea the SPRT to detect a materials loss and calculates materiala
loss estimates.

P.fter calculating the sufficient statistic fur a data subsequence,
DECEST calls the subroutine AI.MM that compares ti,e sufficient statistic to
the decision threshol{ . for several false-alarm levels. Whc,l a decision
threshold i.s exceeded, ALARM stores an indicator that shows chc false-alarm
level associated with the detection of missing material for that data sub-
sequence. When all data subsequences have been processed for a particular
test DECEST calls the next test, and the data analysis procedure is repeated.

At the completion of all tents requested by thr user, the subroutine
f)ECMSC is called to display the test results. Output frem the subrou~i,ne
DECMSC is intended to be useful in deciding if material is missing and in
estimating the missing amount. The sufficient statistic associated with each

test is plotted as a function of the balance periods. For the materials
balance, CUSUM, and uniform diversion teats, these statistics represent the
n,aterials loss in a single period, the total loss up to the current period,
and the averaue loss over all periods, respectively. The ! one-stil,lclard-
deviation error in these estimates is also plotted at each point so that sig-
nificant deviations of materials loss from the nomit,al value are easily
detected. Results of applying the SPRT are pl~tted in the form of nn ~larm
chnrt that summnrizcs the test re~ult for ench sequence of balance periods in
which the sufficient statistic exceeded the decision thrr~nold. Thin plot
associates a symbnl indicating the level of significance co each sequence
that caused an ularm, Depending on the nurnbel of Ru,:h nlarm~: and their sig-

nificance lev(:ls, n decision about materials loss is made.

Iv. OPERATIONAL EXPERIENCE AT AGNS

Alliecl-General Nuclenr Services at Barnwell, SC, is presently engnRrrl in
# surios of cold runs at their reprocessing f~cility, which has the capabil-
ity of processing uranium and plutonium in a copurification process ns dr!s-
cribcd in Fig. 1, During tho co’Jrse of thrsc runs AGNS ha~ provided the Los
Alamo~ Scientific Laboratory’s Safeguards Systurnn Croupt Q-:+, with thr op-
porl.unity to acquire mcaauremi’nt data gnth~rcd by the AGN!; computcrizrd dfttn
acqui~ltion nystcm mIc! to nnnlyzp the data in ncnr-real time uninR tl~r
DECANAL pr{)~rnm. Approximatrlv IOU on-line mra~uroment point~ cnn be inter-
rogated by the AGNS sysl”cm, with n now m~n~~lremcnt acquirt?d nt ench point nt
!cant pvcry four minute:;. For t}te~r cold runs, tho I)HCANAL progrnln i~ rc-
criving clntn from 50 wwa~:lr~mt’nt pnint~ fit nbout nno-hnur intcrvul~.



For the purp, se of applying near-real-time accounting to the process, we
have formulated three unit process accounting areas (UPAAS): the full pro-
cess, the columns and the concentrator, and the columns. Measurement data
from each of the UPWS are analyzed separately by the DECANAL program. By
including the smaller UT’AAS 60 to 80 kg U are controlled as compared with the
approximately 425 kg U in the full process.

In implementing the DECANAL program with cctual process data, we have
become aware of certain difficulties that are inherent in near-real-time ac-
counting; these are incorrec~ data from on-line measurement instruments and
limitations on cor,,puter resources. 6ecsuse of the hostile operational envi-
ronment of most on-line instruments, malfunctions that cause incorrect meas-
urements must be expected. Such erroneous measurements entered into the data
base can produce false indications of excess or missing material, so in
DECANAL data errors are removed through a system of error checks that
include: comparing the o,~-line measurement to a laboratory analysis when
available; compari:~g measurements made in two different ways, e.g., the total
amount of material transferred out of a tank could be calculated from a con-
centration and volume measurement in the tank, and a concentration and flow
measurement in ihe output transfer stream; or by determining if the meas-
urement is within reasonable bounds established by historical measurem~nt
data,

Because of the large amount,i of data that are potf:ntially available from
on-line in+trumr Its and laboratory analyaes in a fully instrumented nuclear
facility, computer storage and computational time. can become limited, esp~-

cially over lcIIg time intervals. A method for avoiding such computer re-
source limitations is data compression; for example, if there are several
inventory measurements that arc uncorrclatcd with all other measurements,
these may be summed into a single mens’~rement and treated as a Yinglc piec~
of infrmnation thrOupbOut the calculations, Data combined in this wny con-
serve computer ~toragc and reduce computational time.

While the firRt rrsultn from the ACNS work arr not yet available, it is
Fosaible to deficrib~ the rxp~ctorl r~sults with DECANAL Gutput from process
simulations. For this purpnsr, the rntire process is chosen ns thr UPAA.
Process simulotion~ were uHed co Eererate two ticts of mcnsurempnt rintn; onr

in which rhc process op~rat.~s normally and another in w;]ich a uniform nmount
of mnteriiil ia diverted during each balance period. Retiu]tR of applying thr
uniform diversion teat to tho two data setg arc shown ill ‘ig~ 2 an plots of
the aver~gc materials losn p~r halanc~ p~riod and alarm charts. For normal

prncess operation th~ loss ~ntimntnr convcrEoH to tho true vnl(iI: nf z~ro,
while for the uniform diversion caRc the eatimntor app?oacl)~s the lruc vnlur’

cf 0.3 k~ missing pcr balanc~ period. Nntr thnt the nlarln chlil for thf’
riivcrnion ncennrio stron~ly inflicntcs miRsirl~+, mnterinl thrrr~lgh tllr Inrgc
number of significant alarms. TIl:) iormulatirm nnd interprotntion Of tllf’ri(’

alarm chartn havv bocn drscribrd in previous pnpers.

v, SUMMARY



Figure 1. U/Pu CopurificatiOn Process.
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